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Structural information in medicine is informa-
lion about the physical body. Recent advances in
medical imaging and biotechnology have greatly
increased the amount and importance of struc-
tural information, and advances in networking
envisioned by the High Performance Computing
and Communication Initiative (HPCC) will allow
this kind of information to be delivered to remote
clients over wtide area networks. One of the most
important factors determining the usability of such
a client-server configuration is the time delay be-
tween the request for information from the server,
and its presention to the user at the client. In this
paper we present a model for predicting the per-
formance of a structural information client based
on the ping time, a simple, unobtrusive network
measurement. Preliminary results suggest that the
relationship between ping time and transfer time
for large files is linear, which if borne out by more
data, will allow the performance of structural in-
formation clients at remote sites to be predicted
without the expense of installing them first. At the
same time, such a model wuill be usefulfor planning
improvements to the network in those sites which
could most benefit by wide area access to structural
information.

INTRODUCTION

One of the more important kinds of medical infor-
mation is structural information about the phys-
ical organization of the body, at levels rang-
ing from gross anatomy to molecules. Examples
of structural information include molecular se-
quences, medical images, 3-D graphics reconstruc-
tions. anatomic terminology, and semantic rela-
tionships. Although structural information has
always been important in medicine, recent ad-
vances in imaging and biotechnology have greatly

increased not only the amount, but also the im-
portance of this kind of information [1].
Two characteristics of structural information

that distinguish it from most medical informa-
tion are that it is multimedia and it is large.
These characteristics have until recently prevented
widespread digital access to structural informa-
tion, but the information superhighways envi-
sioned by the High Performance Computing and
Communication Initiative (HPCC) [2] will allow
this kind of information to be transmitted rapidly
enough to permit widespread sharing of structural
information. Since much of medicine is structural
in nature this capability should lead to manv ap-
plications.

In the Digital Anatomist Program at the Ulni-
versity of NVashington we have developed one such
application for wide area access to structural in-
formation, the Digital Anatomist Browser ''3. 4].
In this application images and other structural in-
formation are stored on a server computer. and a
client program, running on a Macintosh, accesses
the server over the network to deliver the informa-
tion to end users. The browser is currently used
by medical students for anatomy review. and a
demonstration of the potential of such a configura-
tion for distance learning in medicine is currently
in progress with a client at the National Library
of Medicine. and the server in Seattle.
The usability of such a remote learning system

depends to a large extent on user response time.
which, in the absence of high speed networks. be-
comes a dominant factor as physical distance be-
tween client and server increases. In this paper
we develop a network model that, given several
easily measured parameters, allows one to predict
the expected performance of a particular client-
server configuration. thereby determining whether
the performance is likely to be good enough to
warrant installation of the client. Multiple such
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predictions could also be used to plan future im-
provements to the network in areas of need.

PERFORMANCE FACTORS

There are three major factors that contribute to
the response time of a client-server configuration
for structural information retrieval. These are the
delay at the server, the delay at the client, and the
network delay.
The delays at the client and server end we label

-static delays". These delays are independent of
the network and are generally associated with the
particular instantiation of the client and server.
Examples of things that effect static delays in-
clude the type of CPU, the performance of the
disk drives, and the amount of memory in both
the client and the server. While these parameters
will vary depending on the platform, once selected
they are fixed.
The network delays we label "dynamic delays".

These are associated with the location of the client
and servers on the network and level of the net-
work congestion. It this later type of delay that
this paper seeks to quantify. Later work will com-
bine these with static delays associated with a
particular client and server to predict the actual
performance of the client at remote sites. without
the necessity of actually installing the client at the
site.

NETWORK DELAY MODEL

The goal of our network model is to predict the
performance of the Digital Anatomist Browser or
a similar structural information retrieval client at
an arbitrary location on the Internet. To do this
two measurements are necessary; first, a metric to
measure the "network distance" between the client
and the server and second, a measure of the data
transfer delay expected as a function of network
distance.
To quantify the network distance between the

client and the data server we use the round trip
time for a packet of data to travel from the client to
the server and back. These measurements use the
Internet Control Message Protocol (ICNIP) imple-
mented in the Unix ping command. This metric
quantifies network distance without knowledge of
the number and type of links between the sites.
The use of this metric provides a model that is ap-
plicable without detailed knowledge of the phys-
ical connectivity of the network. This indepen-
dence from the physical design of the network is

important because the path, through the network.
from the server to the client may change as the In-
ternet evolves.
The Digital Anatomist Browser transfers images

and other data from remote servers over the In-
ternet. This transfer is one of the key steps in the
operation of the Browser, and large delays in this
step can dramatically change the user response
time and thus adversely effect usability. The im-
age data can be from 200 kilobytes to 1 megabyte
in size which, by todays standards, is a signifi-
cant amount of data to transfer in a real time
application. In this work we estimate the time
for the data transfer using the File Transfer Pro-
tocol as implemented by the Unix ftp command.
This command provides a transfer time estimate
for each transfer. Just as our network distance
metric (ping time) is independent of the phvsi-
cal network design this metric for the delay intro-
duced by the data transfer can be obtained with-
out detailed knowledge of the physical network.
We use these two metrics to develop a model for
the network delays expected at arbitrary locations
on the Internet.
The model we use to predict network perfor-

mance is based on the hypothesis that there is
a relationship between the network distance. as
measured by the ping command (labeled z). and
the time it takes to move structural data, as mea-
sured by the time to transfer a fixed size file using
the ftp command (labeled y).
The general form for such a model is:

y= f(z;a. b). (1)
We further hypothesize that this relationship is
linear. The linear model is written

y = ax + b. (2)
Unlike standard linear regression problems where
there is a control variable (e.g. x) and an observed
variable (e.g. y) this model has two observables
(e.g. x, y) and no control variable.

Further, the network delay associated with each
remote site has an independent set of statistics
associated with the measurements specific to that
site. We quantify the statistics of the ftp and ping
observations at each site in terms of the mean and
standard deviation of the measurements to that
site. Hence the actual observables are:

1. the mean (xi) and standard deviation a,,)
of the roundtrip ping time for the ith of N
remote sites

2. the mean (yi) and standard deviation (co.,) of
the file transfer time for each of the sites.
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For M observations at each site the unbiased esti-
mate of these values from measured data are:

M1
wi

=MIi Yi = ME Yi' (3)
m

=1

M

Uys= M-1Z(Z,j _X3)2,
J=1

_

Ofy, =
E
(yij _ y,)2,

j=l

where zij and yij are the jth measurements from
the ith site. These estimates of the statistics at
each site are used to obtain a maximum likelihood
estimate of the parameters (a, b) from equation 2.
The maximum likelihood methodology is chosen
over the simpler linear regression based on two ob-
servations; 1) the observables used in estimating
the parameters (a, b) are statistical quantities and
2) the statistics at each site are independent of
the other sites. These two conditions violate the
assumptions necessary to use a simple regression
technique. The following development provides a
maximum likelihood methodology for estimating
the parameters of our model in the context of our
observables.
The deviation of a measurement from the linear

model is written:

Error: i= yi -y(i;a,b). (4)

A likelihood function for these statistics is written,

N

L(c;a,b) = II f(ci;a,b).
i=l

(8)

Maximizing this likelihood function is equivalent
to minimizing the negative of its log with respect
to the parameters, and so the best estimate of the
parameters satisfies

a
(-ln(L(c; a, b)) = 0

(9,49
-l(Lc;a, b)) = 0.

(9)

(10)

This results in coupled nonlinear equations. The
intercept term (b) is written,

NZ y, - a:,i
aa
+ a2o .N 1

Z: o2+ a2 o2i=1 a+a ax
The expression resulting from equation 9:

Eair., _ 2ABzi + 2aB29,u
LAA A2

*=1 *=1

(11)

(12)

where,

A =oy-+a2,2b
B = yi-azi-b

WVe approximate these errors as being normally
distributed so that the probability density func-
tion can be written:

f({i;(-i,{yi,a,)b) =

1 [ ~1 Y- y(xi; a,b)
1)

27raF7zP 2 t ai J| (5)

where ui is the standard deviation of the errors ei.
Now if xi and yi are uncorrelated in the cluster of
measurements for the ith site,

o2= 0,2 + a2u;2 (6)

and substituting 6 into equation 5 we get.

f(e)= 1

27r(a2. + a20o2 )1/2
{12(y, axi -b2f }xeP -T 12. +a2o,j. (7

does not result in a closed form expression for the
coefficient a. Equations 11 and 12 are solved iter-
atively for the parameters a and b. This is done
using an interval halving technique for which the
starting values are obtained from a linear regres-
sion of the mean ftp value on the mean ping value
from each site.

MODEL PARAMETERIZATION
To use the method just developed a number of
measurements of both ping times and ftp times.
at varying network distances, are needed. With
the assistance of a number of Internet sites these
statistics were gathered. To estimate means and
standard deviations for each site the ping time
was measured 1000 times, and the ftp delay was
measured 100 times. Both commands used data
packets of 590 bytes in length and the file trans-
ferred by flp was 1003520 bytes in total length.
The result of fitting the model from equation 2 to
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the Internet data is shown in figure 1. The confi-
dence interval shown was constructed using some
assumptions about future observations.
We first identify a variable associated with the

deviation from the predicted model,

z(z,) = - !(Zi) (13)
o.i

which is a normal random variable with the o,= 1
and mean of zero. Thus

P(z) - -+1 _e 2/2 (14)

To find the probability 83 that a value is in the
range -b to b we integrate,

/3 =P[z(zi) < b] (15)
rb= J p(z)dz (16)

= 7merf(b/2) (17)

where erf(*) is the error function. The relation-
ship between the confidence probability 3 and the
bound b is

b=2erf v-2X--). (18)
Recalling our definition of z

P [yi - Y(Z ' < b] = (19)

which provides us a confidence interval expression,

P[yi < boj + y(xi)] = (20)

and using

iN

aO N 1 Z(Yi -y(xi))2 (21)

we can estimate the confidence intervals. For ex-
ample, the 98% confidence interval is obtained by
setting

3 = 0.98 in equation 18 and calculating the
bound b. This value is then used with the es-
timated a and the model to place a confidence
bound on figure 1.

DISCUSSION

Figure 1 suggests that there is indeed a linear
relationship between ping time and file transfer
time, although more data points must be obtained

before the relationship can be demonstrated with
any certainty. To our knowledge a linear relation-
ship of this type has never been actually demon-
strated. We believe such a demonstration has not
been presented previously because there are few
if any applications such as the Digital Anatomist
Browser that interactively transfer structural data
over the network. However, just as many text-
based remote database servers are now appear-
ing [5, 6], the HPCC will lead to structural data
servers as well.
The model we have developed here, when made

more robust with a larger number of tests to more
remote sites, will allow us to measure a network
distance in an unobtrusive, easy way and to pre-
dict, with a specified confidence level, the dynamic
delays expected in remote operation of a structural
information client. When the predicted dvnamic
delays are combined with measured static delays
for a given client and server configuration it will
be possible to predict the performance of the client
before actually installing it at the remote site. If
the predicted performance is too poor much instal-
lation effort can be saved, and instead plans can
be made for upgrading the network.
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Figure 1: FTP transfer time as a fuinction of ping distance.
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